ABSTRACT
All newborns admitted to this department were submitted to the following diagnostic tests: peripheral blood leukocyte count, platelet count, C-reactive protein, and swabs and blood cultures if required. On the third day of hospitalization, the newborns were routinely examined for signs of pneumonia with laboratory tests; clinical signs, such as fever; respiratory problems (apnea, tachypnea, bradycardia, wheezing, rhonchi, cough, increased production of respiratory secretions, and new onset of purulent sputum or change in character of sputum); chest X-ray when requested by paediatricians; and microbial cultures.
Relevant study data were taken from the patients' files (patient's history, patient's charts, reports from laboratories, etc.), by examination of the patients and from the paediatricians in charge of the patients. Each case was analysed separately by a representative of the Department of Prevention and Hospital Infections Control of the Clinical Centre at Kragujevac, and complex cases were elaborated by the group of investigators. The patients were followed until they were cured, discharged from the hospital or died.
The data on the potential risk factors were collected by means of special epidemiological questionnaires, which included the following:
1. Details about the mother and the pregnancy: maternal age at the moment of delivery, maternal diseases, and whether it was singleton or twin pregnancy; 2. Details about the delivery: date, type (vaginal or by Caesarean section), whether there was rupture of the membranes or placental detachment, macroscopic inspection of the amniotic fluid (milky, meconium stained or green) and term of delivery; and 3. Details about the newborn: sex, gestational age (determined by the ultrasound examination), birth weight (grams), Apgar score values in the 1 st and 5 th minute after birth, reasons for admission to the hospital, diagnostic and therapeutic procedures that were undertaken (venous catheters, mechanical ventilation) and the results of the laboratory tests upon admission.
Isolation and identification of bacterial pathogens were performed in the Department for Microbiology at the Clinical Centre Kragujevac by means of conventional biochemical methods (10) .
Collected data were analysed using the Statistical Package for Social Science for Windows (SPSS), version 18. At first, descriptive statistics were calculated, including measures of central tendency (mean and median), measures of variability (standard deviation), and relative numbers. After checking for normality of the data distribution with the KolmogorovSmirnov test, the differences between the groups in continuous variables were tested by Student's t-test, and the differences in frequencies were tested by Chi-square test. The differences were considered significant if the probability of the null hypothesis was less than 0.05. A multivariate logistic regression model was constructed to assess the simultaneous
INTRODUCTION
Hospital infections (HIs) are the main cause of morbidity and mortality in neonatal intensive care units (NICUs) and are accompanied by major utilization of resources, prolonged hospitalization and increased costs (1, 2) . More than 30% of hospitalized newborns develop HIs, sometimes followed by a lasting impairment of health, which places HIs on the short list of the most serious public health problems (3) (4) (5) .
Premature newborns and low birth weight newborns (≤ 1500 grams) have the highest risk of acquiring HIs due to the immaturity of their immune systems, lack of efficient structural barriers, and an incomplete development of endogenous microbial flora (6) (7) (8) . They are also exposed to numerous invasive diagnostic and therapeutic procedures, which often open the doors for the entrance of pathogens (placement of venous and urinary catheters, endotracheal intubation, mechanical ventilation, and total parenteral nutrition). Although the most frequent type of HI is intrahospital pneumonia, there are only a few published studies regarding the epidemiology of HIs.
The aim of this study was to reveal the potential risk factors for hospital-acquired pneumonia in low birth weight newborns (b.w. ≤ 1500 g) and establish a basis for planning preventive measures.
MATERIALS AND METHODS
Our study was a prospective cohort design with a nested case-control study and was conducted between January 1 st , 2012 and June 30 th , 2015 at the Neonatology Department, Clinical Centre Kragujevac, Serbia. This department has 30 beds (15 devoted to intensive care and 15 to special care), occupying 6 rooms in total. The personnel wash their hands with a 0.75% solution of povidone iodine, and rapid disinfection is performed with various alcohols. In total, eight physicians take care of the patients, and there is one nurse per three intensive care beds, and one nurse per four special care beds. The following measures for prevention of HIs are routinely conducted in this department: hand hygiene, installation of alcohol-based hydrogels for hand disinfection in the ward, performing environmental cultures, assessing staffing, and grouping infected or colonized patients.
The study was approved by Ethics Committee of the Clinical Centre Kragujevac.
The inclusion criteria were a birth weight below 1500 grams and hospitalization longer than 48 hours. Newborns with hospital-acquired pneumonia were classified as cases, and newborns without pneumonia were classified as control. Other types of hospital infections were among the exclusion criteria for this study.
The diagnosis of HI and the determination of the exact anatomical location were established according to the standard diagnostic criteria of the Center for Prevention and Control of Diseases (CDC) in Atlanta (9), which considers all neonatal infections, whether acquired during de-cases of urinary tract infection, 2 cases of sepsis and 1 case of omphalitis), and they were excluded from further study.
The median gestational age of newborns weighing less than 1500 grams was 29.58 weeks (range, 23-38 weeks), and the median birth weight was 1195 grams (range, 500-1500 grams). The reasons for admission to the Neonatology Department were premature birth (96.25%), respiratory distress syndrome (70.0%), asphyxiation (66.25%), infection at birth (8.0%), necrotizing enterocolitis (7.5%) and congenital anomalies (3.1%).
The results of the univariate analysis of risk factors for hospital pneumonia in newborns with birth weights below influence of the independent variables in the development of hospital pneumonia and their mutual interaction.
RESULTS
There were 1140 newborns hospitalized at the Neonatology Department for longer than 48 hours during the study period, and 169 of them (14.82%) weighed less than 1500 grams at birth. In total, 73 (43.19%) newborns developed HIs. The most prevalent HI was hospital pneumonia (n=64, 87.67%), and only 9 newborns had some other type of HI (6 It was not surprising that mechanical ventilation was a risk factor for hospital pneumonia in our patients because the same was shown in other studies (11) (12) (13) . Yalaz and associates (14) had found that the highest incidence of hospital pneumonia was observed in infants with birth weights ≤1000 grams who were on mechanical ventilation. This intervention is often necessary for infants with respiratory failure, poor gas exchange, increased effort for breathing, apnea of prematurity, and/or the need for surfactant-replacement therapy. However, invasive respiratory support is associated with lung injury and adverse neurologic outcomes, and it sometimes allows entry of infectious agents that cause pneumonia. It was recommended that exposure to mechanical ventilation should be limited (15, 16) . Some authors suggest that significant reduction in the frequency of pneumonia could be achieved by non-invasive ventilation instead, such as nasal continuous positive pressure ventilation or nasal synchronized intermittent mandatory ventilation (14) .
Patients on mechanical ventilation need frequent and intensive contact with medical staff, which may disrupt protective barriers. Additionally, these patient are frequently submitted to more invasive diagnostic and therapeutic procedures (venous catheterization, urinary bladder catheterization, etc.), which create additional opportunities for the entrance of bacterial pathogens (17) . Patients in countries with limited health resources are especially vulnerable because understaffing and work overload lead to errors and omissions in aseptic techniques and introduction of bacteria into blood or the respiratory or urinary tract.
Our study also linked the occurrence of hospital pneumonia with prolonged hospitalization (OR=1.052, 95% CI = 1.017-1.088), which was expected because previous studies had demonstrated associations of this factor with other types of HIs (18) (19) (20) . The patients in the hospital frequently become colonized with multiresistant strains of bacteria, and when the delicate balance of the normal bodily microbial flora is disrupted by indiscriminate use of antimicrobial agents and normal body defences are impaired by the underlying disease, they become easy prey for such strains. The hospital environment, especially that of intensive care units, is home of many multiresistant bacterial strains. It was noted that in newborns who were hospitalized for prolonged periods, the normal microbial flora was replaced by multiresistant bacterial strains from the hospital environment (21) . Additionally, prolonged hospitalization increases chances for transfer of multiresistant bacteria from newborns with infection to those without. 1500 grams are shown in Table 1 . The following risk factors for hospital pneumonia reached the level of statistical significance: rupture of the membranes ≤ 24 hours before delivery (p=0.014), placental detachment (p=0.022), maternal urinary tract infection or vaginitis (p=0.025), lower gestational age (p=0.021), lower Apgar score in the first (p=0.034) and the fifth minute (p=0.003) after birth, premature birth (p=0.041), respiratory distress syndrome (p=0.002), longer stay with peripheral venous catheter (p<0.001), mechanical ventilation (p<0.001), longer duration of mechanical ventilation (p<0.001) and longer hospitalization (p<0.001).
Multivariate analysis identified only the following two independent risk factors for hospital pneumonia in newborns with birth weights below 1500 grams: mechanical ventilation (p=0.003, OR=68.893, 95% CI=4.285-1107.699) and longer hospitalization (p=0.003, OR=1.052, 95% CI=1.017-1.088) ( Table 2) .
Almost all of the pathogens isolated from the patients with pneumonia belonged to gram-negative bacteria (98.44%). More than half of all of the isolates were Acinetobacter spp (37.50%) and Enterobacter spp (18.75%). A detailed distribution of isolated pathogens is shown in Table 3 .
DISCUSSION
Our study included a large number of potential risk factors for hospital pneumonia in newborns with birth weights below 1500 grams. However, although the univariate analysis identified many significant risk factors, the multivariate analysis showed that there were only two independent risk factors for hospital pneumonia as follows: mechanical ventilation and longer hospitalization. It is interesting that none of the factors that were related to the mother, the pregnancy or the newborns themselves had a significant influence on the emergence of hospital pneumonia in this group of patients. Such results support the theory that hospital pneumonia in newborns with birth weights below 1500 grams is primarily a "deviceassociated, health care-associated infection". To decrease the frequency of hospital pneumonia in this group of newborns, utilization of mechanical ventilation should be limited to when absolutely necessary.
The distribution of bacterial pathogens in our study was similar to the distributions described in other studies from developing countries, and gram-negative bacteria were the most frequent causative agents of hospital pneumonia (11, 22, 23) . It is important to emphasize that infections with these pathogens are associated with high mortality rates. In our study, more than half of the isolated strains were Acinetobacter spp (37.50%) and Enterobacter spp (18.75%). The geographical variation in the prevalence of certain gramnegative microorganisms may be caused by the frequency of mechanical ventilation, inappropriate sampling of respiratory tract secretions, and biofilm formation. However, in developed countries in Europe and North America, the predominant cause of pneumonia in the NICUs are gram-positive cocci, which are now more often resistant to many antibiotics than previously described (e.g., methicillin-resistant S. aureus (MRSA)) (24) (25) (26) . Because every unit has its own unique endemic flora, active surveillance for HIs is critical to guiding empiric antibiotic therapy and implementing effective preventive strategies.
It was proven that simple and low-cost measures can reduce the incidence of HIs (22, 27) . The lessons learned from Western European countries (28) support our efforts in organization and regular training of the infection control team at our hospital. Although infection control teams at hospitals have only recently become obligatory in Serbia, we had established an infection control team at our hospital (with qualified epidemiologist and infection control nurses) five years ago. This team is responsible for the daily surveillance of all newborns, early detection of symptoms and signs of an infection in close collaboration with responsible clinicians and organization of infection control and prevention measures. Additional study is needed to estimate the effectiveness of these measures in our hospital.
Our study had certain limitations. First, the study was conducted in a single hospital; therefore, the results could be influenced by the choice of patients and the peculiarities of local medical practices. Second, we could not reliably estimate the occurrence of the transfer of pathogens between the patients.
In conclusion, our study showed that mechanical ventilation and prolonged hospitalization were significant risk factors for the development of hospital pneumonia in newborns with birth weights below 1500 grams. Low birth weight newborns with these risk factors should receive more stringent care with administration of special preventive measures to avoid development of hospital pneumonia.
